This study aims to analyse the international energy trade in EU-15. Within this context, 6 items of international transport and energy trade have been selected to evaluate the performance of European Union (EU) 15 countries. For this purpose, a comparative analysis has been applied by including and excluding the data of energy trade in international transport for the years between 2013 and 2016. In this framework, interval type-2 fuzzy decision-making trial and evaluation laboratory (DEMATEL) and technique for order preference by similarity to ideal solution (TOPSIS) approaches are considered. The findings show that road and sea have the highest importance for international transport and energy trade. However, pipeline and electricity, which represent the energy trade, take place on the last ranks. Another important conclusion is that there is almost no difference in the ranking of international transport performance including and excluding energy trade. While considering these issues, it is recommended that that European countries should take some actions to increase the energy production. The main reason is that it has a positive influence on both international trade volume and industrial production. Thus, they can focus on renewable energy production which leads to lower cost in this process.
Introduction
The European Union (EU) is one of the top traders of international trade. As per the statistics of World Trade Organization in 2018, total exports of the world are US$ 17.43 trillion as of 2017. The top three traders are China, US and Germany as of 2017 with their total value of trade US$ 5,300 billion. The European Union was the largest exporter of manufactured goods in 2017, with a value of US$ 4.67 trillion, followed by China with US$ 2.13 trillion and the United States with US$ 1.13 trillion. The European Union is the largest union, regional trade agreement with its 34 percent of global trade. EU actually succeeded their establishment goal by accounting for a third of world exports of goods in 2017. Total volume of service trade is US$ 5.19 trillion in 2017 with 7 percent increase from 2016. United States with US$ 761.7 billion in service exports and US$ 516.0 billion in service imports is ranked as number one in the list, followed by United Kingdom and Germany. The statistics of the European Union for International Trade in services show that, although nowadays Brexit is in process, United Kingdom's value of exports services is the highest with 301 billion Euro. Germany is the highest in value of imports services with 277 billion Euro in 2016.
Additionally, with respect to the energy market, the European Union is also one of the most important markets in the world. The EU energy market, which is over 500 million users, is the world's largest regional energy domestic market and the largest energy importer. One in three of the Europeans suffer from air pollution because majority of the European cities' population are subject to air pollution, which is accepted as damaging to health by World Health Organization [1] . Therefore, not only because Table 1 . Similar Studies in the Literature.
Author Subject Results
D'Adamo and Rosa [7] Evaluation of the renewable energy sources
They proposed a framework to help decision makers of energy policy makers.
Magazzino [8] The stationary properties of per capita energy use
The findings show mixed results regarding the panel stationarity of energy use per capita Casals et al. [9] Electric vehicle use France and Norway are more successful regarding electric vehicle use Pacesila et al. [10] Renewable energy in Europe The main characteristics of the renewable energy policy in Europe are underlined.
Khanam et al. [11] European energy policy
The findings showed that 49% of the experts perceived that renewable energy target would not be achieved
Magazzino [12] The stationary properties of per capita energy use
Most of the country series does not reject the unit root null hypothesis at the 5% significance level Nicolini and Tavoni [13] Efficiency of energy policies They have found that 1% increase in the incentive tariff will increase in renewable of 0.4-1%
Gökgöz and Güvercin [14] Energy security and renewable energy efficiency in EU Technological development has an important effect on the renewable energy efficiency.
Dominković et al. [15] The future of transportation in sustainable energy systems Electric modes of transport have the highest benefits.
Moro and Lonza [16] Electricity carbon intensity in Europe Greenhouse gas (GHG) trade between countries, affect the carbon intensity of electricity consumed at national level.
Carrilero et al. [17] Redesigning European public transport
Strengths and weaknesses are explained in order to redesign public transport in Europe.
Biresselioglu et al. [18] Electric mobility in Europe Lack of charging infrastructure and economic restrictions are important barriers for electric mobility.
Hasan et al. [19] Literature review of similar studies Energy saving and greenhouse gas became very popular topics.
Wang et al. [20] Literature review of similar studies European countries are the leader in sustainable consumption and production practices.
Liu et al. [21] Renewable energy power systems They proposed a line modal potential energy method.
Amiri and Weinberger [22] Renewable electricity Profitability of biofuel investment increases electricity price.
Li et al. [23] An integrated offshore renewable energy system
They developed a device which reduces fatigue damage.
Haratian et al. [24] Iran's renewable energy system Increasing the discount rates goes up the energy cost.
Thies et al. [25] Literature review of similar studies Sensitivity analysis and fuzzy logic are preferred in the analysis process.
Waltho et al. [26] Literature review of similar studies Supply chain network has mainly focused on carbon.
Rahman et al. [27] Literature review of similar studies Researchers prefer fuzzy logic more especially in the last studies.
Mardani et al. [28] CO 2 emissions and economic growth CO 2 emission should be reduced to provide sustainable economic growth.
Oh et al. [29] Energy policies in Malaysia Energy efficiency contributes to the economic improvement.
Steg et al. [30] The forces of energy consumers Technological development and individual behavior affect energy consumption.
Fontes and Freires [31]
Renewable energy supply chain Understanding of supply chain in renewable energy has a great importance.
Hatefi and Torabi [32] Indicators of sustainable energy indices Life expectancy, education and GDP growth positively affect sustainable energy indices Perlaviciute et al. [33] Sustainable energy transition Sensitivity analysis and fuzzy logic are more preferred in the analysis process of the latest studies.
Segura et al. [34] Literature review of similar studies PESTEL analysis became very popular in the latest studies. 
Author

Subject Results
Gerres et al. [35] Literature review of similar studies They identified the decarbonization of low temperature heat by cross-sector technologies García-Álvarez et al. [36] European energy regulation They indicated that policy makers must consider importance of reducing regulatory uncertainty about feed-in tariff and quota obligation policies.
Hadjimichael [37] EU's Blue Growth strategy EU's Blue Growth strategy is criticized and questioned.
Child et al. [38] 2050 goal of renewable energy Their results indicate that the levelized cost of electricity falls in 2050
Tseng et al. [39] Literature review of similar studies There is a sharp growth of publications about Green Supply Chain Management after 2010.
Matschoss et al. [40] German regulation related to renewable energy
German regulation provides lower costs of renewables.
Bhardwaj et al. [41] Literature review of similar studies Multi-criteria decision approaches (MCDA) are used in energy policy decisions Savvidis et al. [42] Literature review of similar studies
They examined literature which assess the ability of energy systems for major energy policies and proposed a set of criteria to compare a sample of 40 models.
Zappa et al. [43] European power system in 2050 100% renewable system may not reduce year 2050 goal.
Verma et al. [44] Emerging biomass energy resource Black liquor is an emerging biomass energy resource which ensures self-sufficient and sustainable process
The majority of the studies about the EU energy policy aim to help the policy makers to make a decision to choose the best alternative resource, best assessment method, forecasting their 2050 goals of EU related with environmental issues in sustainable, renewable energy. Tseng et al. [39] in their literature review of 880 papers and 236 additional papers have found that there is a sharp growth of publications about Green Supply Chain Management after 2010. Liu et al. [21] , Amiri and Weinberger [22] , Li et al. [23] , Matschoss et al. [40] and Haratian et al. [24] also focused on this topic in their studies.
Several studies focus on assessment methods for different aspects of sustainable energy. Thies et al. [25] provided a framework for the sustainability of a product's life cycle after reviewing 142 articles on environmental management. For uncertainties with the data, decisions makers preferred to use fuzzy logic, stochastic models or sensitivity analysis. Rahman et al. [27] , Oh et al. [29] , Steg et al. [30] , Fontes and Freires [31] , Hatefi and Torabi [32] and Perlaviciute et al. [33] also emphasized the importance of this topic.
Bhardwaj et al. [41] examined the decision approaches in his review covering 167 studies related with multiple energy, development and climate objectives. Waltho et al. [26] reviewed 105 articles on green supply chain networks between 2010 and 2017. They found that supply chain network has mainly focused on carbon, four aspects as carbon policies carbon tax, carbon offset, carbon cap and carbon cap-and-trade. The four policies achieved emission reductions with a little increase in total cost. Savvidis et al. [42] examined literature which assesses the performance of major energy policies and proposed a set of criteria to compare a sample of 40 models. Furthermore, Mardani et al. [28] , in their study, claimed that recent studies have investigated CO 2 emissions and economic growth in formulating energy policies, to develop sustainable energy resources and relationships between economic growth and CO 2 emissions. They indicated that the CO 2 emissions and economic growth relation gives policy options that have to reduce CO 2 emissions by limiting factors on economic growth as well.
Additionally, some of these studies examined and assessed long term 2050 goals of the European Union, how they can achieve their goals and methods to help policy makers to achieve their goals. Khanam et al. [11] , following implementation of European Energy Policy to reduce greenhouse gas (GHG) emissions, conducted a survey 187 experts from five geographical regions of EU countries. The findings showed that 49 percent of the experts perceived that renewable energy target would not be achieved. Child et al. [38] investigated the long-term year 2050 goal of 100% renewable energy (RE) power sector by 2050. By using simulations, store technologies, modelling proceeds from 2015 to 2050 in five-year time steps, with optimization carried out with regards to the assumed costs and technological status of all technologies involved.
D'Adamo and Rosa [7] proposed a new reference framework to evaluate renewable energy source (RES) with three indicators as renewable energy source share, production per capita and gross final consumption per capital share of energy from renewable energy sources, to help decision makers of energy policy makers. Zappa et al. [43] , tested European power system in 2050 with a model of seven scenarios including low-carbon non-renewable technology. Some studies have examined new energy resources to achieve EU's long term 2050 goals, alternative energy resources like biomass energy, tidal (ocean) energy systems, by technical methods to reduce emissions, solar photovoltaic energy and so forth. Verma et al. [44] , in their study, indicated that black liquor is an emerging biomass energy resource which ensures a self-sufficient and sustainable process. Segura et al. [34] argued that most of the review papers concerning tidal (ocean) energy systems are focused on engineering topics.
Gerres et al. [35] argued that there are significant discrepancies in the literature regarding the expected emission reductions achievable; they identified the decarbonization of low temperature heat by cross-sector technologies. García-Álvarez et al. [36] indicated that policy makers must consider importance of reducing regulatory uncertainty about feed-in tariff and quota obligation policies. However, there are also studies criticizing the European Union's Energy Policy, such as Blue Growth Energy. Hadjimichael [37] criticized and questioned the EU's Blue Growth strategy (marine aquaculture, coastal tourism, marine biotechnology, ocean energy and seabed mining) from a different perspective, with a limitless economic growth mentality causing marine resources to be unsustainable with overfishing.
In addition to these studies, several studies in the literature focus on energy efficiency and energy saving and renewable energy for energy efficiency and energy saving. Nicolini and Tavoni [13] examined whether the energy policy would increase efficiency and whether it supported renewable electricity in the five largest European countries between 2000 and 2010. They have found that 1% increase in the incentive tariff will increase in renewable of 0.4-1% (18-26%), showing that the energy policies have been effective in promoting renewable energy. Wang et al. [20] argue in their review between 1998 and 2018 conducting a comprehensive comparative analysis of the differences and challenges in sustainable consumption and production practices within developed and developing economies. Pacesila et al. [10] analysed the renewable energy sector in countries in the EU, based on the share of renewables in total energy produced and the countries' energy dependence, by applying a k-means clustering method based on the data obtained from Eurostat. Gökgöz and Güvercin [14] benchmarked the performance of selected EU countries in renewable energy efficiency and productivity from 2004 to 2014 from an energy security perspective.
In order to increase efficiency, the EU Energy Policy focus on the public transport and construction sector, which has the highest savings potential. Dominković et al. [15] argued that electric transport is the most advantageous and should be the main mode of transport, based on their review of alternative resources needed for the transition towards a completely renewable transport sector, looking at the four main alternatives of biofuels, hydrogen, synthetic fuels and electricity. The results showed that 72.3% of the transport energy could be converted to electric transport with the existing technology.
Moro and Lonza [16] argue that another methodology the Well-To-Wheels (WTW) is used for policy making in transportation sector, they have calculated that Greenhouse gas (GHG) trade between countries, affect the carbon intensity of electricity consumed at national level. Carrilero et al. [17] , in his study on the European Union's several electric battery bus projects, described the advantages and disadvantages of different batteries and charging technologies used in the projects. According to Biresselioglu et al. [18] , motivators and barriers are important for EU goals to be achieved.
Casals et al. [9] argued that electric vehicle emissions changed according to the power plan fleet and efficiency while using, compared to internal combustion engine vehicles. Results show that countries like France or Norway are better suited than countries like Spain and Portugal for electric vehicles adoption. Hasan et al. [19] examined from a different view with life cycle analysis on road networks. Their critical literature review of LCCA (life-cycle cost analysis) and LCA (life-cycle assessment) research based on publications after 2008, examined main 36 and supporting 97 life-cycle cost and environmental articles. According to the results of the literature review, it is understood that there is a need for a new study which focuses on the energy trade performance by using a new methodology, such as fuzzy multicriteria decision making.
Methodology
IT2 Fuzzy DEMATEL
Interval type-2 fuzzy sets mainly aim to decrease the uncertainty in interval type-1 fuzzy sets [45] . Within this framework, type-2 fuzzy set is stated as A. In addition to this factor, µ A(x,u) represents type-2 membership function which can be between 0 and 1. The Equations (1) and (2) explain the details of this process.
Furthermore, A U i and A L i show the upper and lower trapezoidal membership functions. The Equation (3) includes these issues.
In addition, the name of DEMATEL comes from the expression of "decision making trial and evaluation laboratory" [46] . This methodology mainly aims to examine the interdependence between the factors [47] . Furthermore, these factors can also be weighted by using DEMATEL approach [48, 49] . Firstly, experts of the subject evaluate the conditions. Also, these evaluations are converted to the fuzzy sets [50] [51] [52] [53] . Secondly, the initial direct-relation fuzzy matrix ( Z) is constructed by considering the Equations (4) and (5) [54] .
After that, the third step includes the normalization of the pairwise matrix. In this context, the Equations (6)-(8) are considered.
Next, the total influence fuzzy matrix is generated by using the Equations (9)- (13) .
In the final step, the defuzzified total influence matrix is created with the help of Equations (14)-(17) [55] .
D i de f = r = ∑ n j=1 t ij n×1 = (r i ) n×1 = (r 1 , . . . , r i , . . . , r n )
R i de f = y = ∑ n i=1 t ij 1×n = y j 1×n = (y 1 , . . . , y i , . . . , y n )
TOPSIS
TOPSIS refers to the "Technique for Order Preference by Similarity to Ideal Solution" [56] . The main purpose of this method is to rank the alternatives according to their importance [57] . In this circumstance, positive and negative ideal solutions are calculated [58] . First of all, the normalized values are calculated as in the Equations (18) and (19) .
. . m and j = 1, 2, 3, . . . n (18) v ij = w ij × r ij where i = 1, 2, . . . , m and j = 1, 2, . . . , n
After that, the positive (A + ) and negative (A − ) ideal solutions are generater by considering the Equations (20) and (21) .
In the next step, the distances to the best (D + i ) and the worst alternative (D − i ) are calculated. In this context, Equations (22) and (23) are used.
Finally, the relative closeness to the ideal solution is identified as is the Equation (24).
Analysis
IT2 fuzzy DEMATEL and TOPSIS methods have been combined for the hybrid decision making approach. For that, IT2 fuzzy DEMATEL is used for weighting the factors of international transport including energy trade. In the second stage of the analysis, TOPSIS is selected for ranking the performances of international transport and energy trade in the EU 15 from 2013 and 2016.
Analysis Design
With respect to the relationship between energy and economic growth, there are different views in the literature. According to the neoclassical economists, energy does not have a significant influence on the economic growth. The main reason behind this issue is that energy has a very low ratio in the gross domestic product. On the other side, for some energy economists, energy is accepted as an important input for the production. In other words, it can be used in the production of the final goods. Therefore, for these researchers, energy is a very crucial issue for the economic development.
6 items of international transport and energy trade have been selected to evaluate the performance of EU 15 countries. The factors have been defined by considering the data of ITC Trade Map and the criteria are listed as Sea (criterion 1), Air (criterion 2), Rail (criterion 3), Road (criterion 4), Pipeline (criterion 5) and Electricity (criteria 6) respectively. Additionally, to understand the effect of energy trade in the international transport trade, a comparative analysis has been applied by including and excluding the data of energy trade in the international transport. To weight the relative importance of each criterion, a fuzzy-based model called DEMATEL has been constructed by considering 3 decision makers that are experts in the field of international transport and energy trade. Their linguistic evaluations for the international transport and energy criteria have been collected to measure the impact and relationship degrees of the criteria between each other. Table 2 represents the linguistic evaluations and trapezoidal fuzzy numbers for the criteria. Very very high (VVH) ((0.8,0.9,0.9,1;1,1), (0.85,0.9,0.9,0.95;0.9,0.9)) Source: Baykasoglu and Golcuk [59] . Table 3 defines the linguistic choices of each criterion provided from the experts for determining the mutual relationship of criterion set. Table 3 . Linguistic choices of the decision makers for the criteria.
The import and export data of 15 European Union countries from 2013 to 2016 have been used for measuring the financial performance of their international transport and energy trade and TOPSIS method is applied for ranking the EU15 countries. For the illustration, the data of 2016 for the transport export and import including the energy trade of the EU 15 countries are seen in Tables 4 and 5 respectively and other data are listed in Appendix A. The countries that have the import and export data of transport and energy trade have been considered in the EU 15 for each year. For 2016, Belgium (alternative 1), Denmark (alternative 2), France (alternative 3), Germany (alternative 4), Greece (alternative 5), Luxembourg (alternative 6), Netherlands (alternative 7) and Sweden (alternative 8) have all data of the selected transport and energy import trade. However, Greece has no export data of energy trade, so it is excluded in the export data set of 2016.
Results
Weighting the Criteria
The first step of IT2 fuzzy DEMATEL is to construct the relation matrix based on interval type 2 fuzzy sets. For this purpose, the linguistic evaluations have been converted into the fuzzy numbers and the averaged values have been considered for the matrix in Table 6 .
And then the normalized procedure is applied and the results are represented in Table 7 . The following step continues by constructing the total relation matrix and the results are illustrated Table 8 . ((0,0,0,0;1,1), (0,0,0,0;0.90,0.90)) ((0.07,0.11,0.11,0.15;1,1), (0.08,0.11,0.11,0.14;0.90,0.90)) ((0.10,0.14,0.14,0.18;1,1), (0.11,0.14,0.14,0.16;0.90,0.90)) C5
((0.12,0.16,0.16,0.21;1,1), (0.14,0.16,0.16,0.19;0.90,0.90)) ((0.05,0.10,0.10,0.14;1,1), (0.07,0.10,0.10,0.12;0.90,0.90)) ((0.08,0.12,0.12,0.16;1,1), (0.10,0.12,0.12,0.15;0.90,0.90)) ((0.14,0.18,0.18,0.21;1,1), (0.15,0.18,0.18,0.20;0.90,0.90)) ((0,0,0,0;1,1), (0,0,0,0;0.90,0.90)) ((0.12,0.16,0.16,0.21;1,1), (0.14,0.16,0.16,0.19;0.90,0.90)) C6
((0.07,0.11,0.11,0.15;1,1), (0.08,0.11,0.11,0.14;0.90,0.90)) ((0.05,0.10,0.10,0.14;1,1), (0.07,0.10,0.10,0.12;0.90,0.90)) ((0.07,0.11,0.11,0.15;1,1), (0.08,0.11,0.11,0.14;0.90,0.90)) ((0.10,0.14,0.14,0.18;1,1), (0.11,0.14,0.14,0.16;0.90,0.90)) ((0.12,0.16,0.16,0.21;1,1), (0.14,0.16,0.16,0.19;0.90,0.90)) ((0,0,0,0;1,1), (0,0,0,0;0.90,0.90)) The final step of IT2 fuzzy DEMATEL is the defuzzification process to obtain the weight results of criteria. The defuzzified total relation matrix and the final weights are represented in Table 9 . Table 9 shows that road (C4) is the most important item in the international transport and energy trade while electricity (C6) has the weakest importance relatively among the criterion set. Additionally, pipeline (C5) is the most influencing factor as air (C2) is the most influenced factor in the criteria. It is determined that road and sea have the highest importance for international transport and energy trade. However, pipeline and electricity, which explain the energy trade, take place on the last ranks. This situation gives information that energy trade factors have lower importance by comparing with others.
Ranking Alternatives
Second stage of the hybrid decision making model is to rank the 15 European Union countries with TOPSIS method dynamically. For this purpose, the data set of international transport and energy import and export in the EU 15 has been used for measuring their performances between 2013 and 2016 (see for details in Table 4 and 5 as well as Appendix A). Analysis details of international transport and energy export for 2016 are provided as follows:
Initially, the decision matrix has been normalized and results are defined in Table 10 . The weighting results provided from IT2 Fuzzy DEMATEL have been used for the weighted criterion matrix as seen in Table 11 . Finally, the values of D i + , D i − and the relative closeness (RC i ) have been calculated to rank the European Union countries. The results are illustrated in Table 12 . According to the results, France (A3) is the best country in the international transport export including the energy trade (pipeline and electricity) while Luxembourg (A5) is the worst place in the overall transport export. Same analysis procedure has been applied for 2013, 2014 and 2015 and the ranking results are provided in Tables 13-15 respectively. Overall results show that France is the best country from 2013 to 2016 as Luxembourg has the worst performance in the international transport export including energy trade. To obtain the comprehensive analysis results, the comparative analysis results of the international transport export by including and excluding the effects of energy trade are represented in Table 16 .
The overall results illustrate that there is almost no difference in the ranking of international transport performance including and excluding energy trade. However, by 2016, it is understood that Germany firstly stated in the ranking list with the energy export and France is the second in the list if the energy trade is not considered in the international transport export. Additionally, by 2013, Netherlands has entered the list with the energy trade and listed in the high degrees during the period. Similarly, the ranking results of international transport import including and excluding energy trade have been computed and the comprehensive results are illustrated in Table 17 . Table 17 represents the ranking performance of the selected European Union countries for the international transport import with the effect of energy trade. According to the results, Greece enter the ranking list in case of energy import in the international transport and placed in last for each year. The European Union Countries have also the similar ranking results for the international transport performance including and excluding energy import. France has the best performance in the energy import except 2016. Similarly, Germany is ranked as first for including and excluding the energy import by 2016. This situation gives information that France and Germany are the countries which use road and sea transport more effectively in comparison with other countries. Similarly, it means that the countries which are on the last ranks, are not so successful to use road and sea transport. As a result, it is seen that European countries have the highest degrees of industry development also needs the most transportation and energy import to increase their availability for the sustainable growth. However, the countries with the low gross domestic product import the services of transport and energy trade weakly. 
Conclusions
This study aims to identify the role of energy trade in the international trade for European countries. For this purpose, 6 items of international transport and energy trade have been selected to evaluate the performance of EU 15 countries. In this process, the data of ITC Trade Map is taken into the consideration and sea, air, rail, road, pipeline and electricity are selected as the criteria. In addition to these issues, a dynamic analysis is performed in order to achieve this objective. A comparative analysis has been applied by including and excluding the data of energy trade in the international transport for the years between 2013 and 2016.
The criteria are weighted by using interval type-2 fuzzy DEMATEL approach. It is concluded that road and sea have the highest importance for international transport and energy trade. On the other side, pipeline and electricity, which explain the energy trade, take place on the last ranks. These results explain that energy trade factors are less important than others. Lee et al. [61] , Schneider [62] and Hilmola [63] also underlined the importance of road and sea with respect to international transport in their studies. Thus, it is recommended that European countries should give more importance to the energy production because it has significant effects on both international trade volume and industrial production. In this context, renewable energy issues should be focused on since they lead to cost minimization.
In addition to these conditions, European countries are ranked with respect to the international transport and energy trade. In this framework, TOPSIS approach is used. It is identified that France is the best country from 2013 to 2016 while Luxembourg has the worst performance in the international transport export including energy trade. Another important conclusion is that there is almost no difference in the ranking of international transport performance including and excluding energy trade. However, in case of excluding energy trade, Germany has the best performance in 2016 while France is on the second place. It is understood that use road and sea transport are used more effectively by France and Germany by comparing with other countries. Additionally, German has a very outstanding performance in international transport but France becomes better than Germany in case of including energy trade. In the future studies, more countries can be analysed using different methodologies, such as interval type-2 Vise Kriterijumska Optimizacija I Kompromisno Resenje (VIKOR) and qualitative flexible (QUALIFLEX). 
